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* Air traffic management research of future
concepts needs to address all players
including flight crews, air traffic controllers/
managers and airline dispatchers adequately

 Among the ways of addressing the problem
are

e Include many participants (pilots, controllers,
dispatchers) in a given air traffic simulation to work
all sides of the problem adequately.

e Include automated agents for side aspects and
human participants only for the focus area of the
research.
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/ Distributed Concept (DAG)

Automation: Flight Crew Role:
« CDTI *Assure separation en route
- Conflict probe Flight Plan conflict free flight paths

- EMS Deck % *Follow FMS flight paths precisely
« Data link - Self-merging and spacing

Automation tools
* Planning |

Automation

 Traffic Management
» Conflict probe

* Descent Advisor

» Scheduling
» Data link

X - Data link
Controller Role:
Airline Operational Control Air Traffic Control .

» Assure separation in

AOC Role: i

Det i ; Planner Role: Terminal area
» Determine preferences : ]
P » Generate Schedule » Adjust flight paths

» Coordinate _ _
* Assist flight crews and ATC
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 All views can be configured individually by the
operator

 Windows can be mixed and matched
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* Only JAVA code is used

 Tested and used on Windows, UNIX and LINUX
platforms with free compilers and virtual machines

* Very robust multi threaded process:
— each window is updated by it's own thread

— Most threads can be stopped and restarted and are
automatically restarted if a problem is detected

— All thread update rates can be configured in real-time by
the operator and tailored to the particular station use
* Design goals:
— Simple and intuitive operator interactions
— Configurable for different levels of automation



MACS capabilities
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Full performance multi aircraft pilot stations:

— Experienced operators typically handle 8-20
aircraft per station opposite FPL controllers

Enroute and TRACON “FMS-like” guidance
flies aircraft accurately close to the ground

Event controller “Auto-Mode” enables
automatic flight for all aircraft in a simulation

On-line analysis of aircraft trajectories and
crossing restrictions

Several ATC views (DSR, STARS, Generic)
are available and currently completed



Pilot View

TiF100:E
AAL1028 R
TIF1D0E
AAL11ES OVR
mog
AAL1BS .
B752
AALZOH ARR
TIF 100/E
AALZ094 e
TmD B0
AALZ134 DEP
MD&
AALZIT3 s
LB752iE
AALZI0E ARR
BE7S3
AAL3B9 ARR
B7a3
AALG1R o

liMDM
FDX112 =R

,7 Br3z
SWA1363 =R
gt

I ,ﬁé\mnﬂour FILE YANDOWS DISPLAY AIRCRAFT TOOLS HELP
ﬂ%\m\nEWﬁAC ,ﬁé\mpnmﬂanuuﬁ SWWA 1363
SORT DSP SORT DEP

/ﬁ-ﬁm Mode Control Panel

App 118.1 App 118.42 App 119.87 Ctr120.77 Ctr127.85 Cr133.25

SWA 1363

CONTROL

SPEED

) SPD SEL

@ MACH

ﬂ%\m FMS VNAY Panal

) YNAY

HEADING

) SPACING ' HDG SEL

SV 1363

CREZALT ==

CLB SPD

CRZESPD

EH E =

DES SPD

ALTITUDE

o |

) FLCH @ YHAY

SETALT ==

LEAD A/C ==

Self Spacing Panel

swat.. o“ef [

INTERVAL ==

/‘ﬁ-ﬁ\r‘: MAP  SWA 1363

O NAY

E
AALG29 OVR
MD&
AALG30 .
MD&
AALEST ARR
MD&
AALTE55 s
TmD B0
AALTI7 ARR
TIF 100
AALBS0 SRR
TiF100:E
AALBIS ARR
BE7S3
AALBIS ARR
MD11
BAWS063 R
TIE145i8
BTA4153 OVR
TIBT32iA
CDN185 s
TmD B0
CoAdzz OVR
BTz2n
coasz1 e
BEB7ESE
DAL1116 DEP

J‘g&m FMS Route Panal SR 1363

MEXT WAYPOINT ==

CTRL 11 AC
s

ORT DSP

DEPARTURE ==

‘ AALFT i
ARR

B B7a3
= AALS0B .
MD&E

AALITE ARR

B753

AALIOB .

B7a3

ATAT2 ovR

Br3z

CoA1183 .

B732

COoAz070 ARR

B732

CoA4562 ARR

MOD11

FDX112 ARR

’—MDH
FDX724 o

E
DAL323 ARR

mDas
DALS512 —

TIET2248
DALSS? OVR

’78753

DLH156 .
TISF34/8

EGF124 -

B732
‘ SWiA1363 o
mtil

STAR »»

TRANS ==

APPROACH ==

,7 [[] Climb to Cruise Alt
,ﬁlj Descend to Meter Fix
,ﬁlj Descend To Intercept
,ﬁ [_] Descend for landing

PFD

LNAY WNAV PTH

CRUISE

ATC CTRL

[ ARPT |MRT

as444 Tas 409
274/ 35

| SPT

TRK (093 | maG

ANTO
41, 31000/248
01

13143

TEADSIQ

01:25:58
5.1

SWA1363
TC CTRL




s MACS Single Pilot Station

’.0/ Ames Research Cenfer

/

HMACSVVVO_D.Sd USER: tom CONFIG: plan_b

ﬂ&%ﬁnBOUT FILE WINDOWS DISPLAY AIRCRAFT TOOLS HELP CIHOME JPILOT D CUSTOM O ADMIN

/‘%\m MCP (757 Style)  UAL1972

F 8
,ﬁﬁm Self Spacing Panel  U. Fa E - q
I | = C == i o
[ | mrerval ==
| e MAD  UAL1OZ2
| ATAS
NV [ ARPT [ RT I WYPT I WKR [#r TREC | Dios /ﬁﬁ} EMBANEY:ane]

CREALT =>
LB 8PD cRZERD | DES 8FD
m ~“m m
LNAY  VNAVALT e e
CRUISE R
» O EEE
==
a0
9
78
a7
A FMS Route Panel . 1072
NEXT WAYPOINT »= | 73
74
| omukw | | . isamse | DIRTO =»

oeparrure= |72 [ [ ciimbio Cruise i

[ Precision Descend

STAR ==
TRANE == |_] Descend via Transition
e APPROACH == ‘— [ Descend for landing
Hold Cantrol FIx

e )|

Ctr135.45 CONTROL ‘

ﬂgé\[ﬁ Pilot Handoff  UAL1972

[ on v | v |

Ctr133.25




ATC view
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Generic ATC view
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STARS View
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Analysis View
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< Experimenter View
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« MACS can be configured for automatically

performing tasks or prompting operators
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’ *Aeronautical Datalink and RADAR Simulator

Distribution of communication load:

— Unlimited number of servers and clients can be
connected by adding identical ADRS processes to
the simulation network that share their information

« Host emulation
« Radar simulation
 Datalink simulation

 Aircraft state and trajectory data
harmonization and maintenance

* Process control and monitoring



/ MACS usage in current

A ... _DAG Simulations (Ongoing)
/

e

« CTAS/FMS 2002 data collection. Evaluation of
trajectory based vs. sector based concepts of
managing arrival traffic with FPL controllers and air
traffic managers.

— AOL, MACS, PAS, CTAS

* Frequent workshops, demonstrations and evaluations
of distributed concepts that investigate free-flight
concepts with airborne and ground-based conflict
resolution techniques, new separation responsibilities
and airspace restructuring with controllers, pilots,
dispatchers and researchers.

— AOL, ACFS, PC-Plane, MACS, CDTI, PAS, CTAS
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» Realistic human-in-the-loop simulations of future

distributed air traffic management will require
participation of numerous pilots, controllers, airline
dispatchers, researchers and the operational
community alike

« The multi-fidelity simulation environment at NASA
Ames has been successfully used for many
demonstrations and evaluations

* The simulation will be upgraded and expanded to
include more research facilities on and off-site as
active participants, observers, or data analysts.

« Currently MACS is used for pilot stations and for
automatically guiding aircraft. It will aslo replace the
controller workstations.
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/ Information on the World Wide Web

http://human-factors.arc.nasa.qgov/ihi/research groups/air-ground-integration

http://human-factors.arc.nasa.gov/ihh/cdti/DAG TM WEB/dag2001.html

http://www.arc.nasa.gov/aatt



http://www.arc.nasa.gov/aatt
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